Background: The centenarian population is gradually increasing, so it is becoming more common to see centenarians in clinical practice. Electrocardiogram abnormalities in the elderly have been reported, but several methodological biases have been detected that limit the validity of their results. The aim of this study is to analyse the ECG abnormalities in a prospective study of the centenarian population and to assess their impact on survival.
Background
The centenarian population is gradually increasing, so it is becoming more common to see centenarians in clinical practice [1] . These patients have their own characteristics that are different compared to the "younger" elderly. Thus, a lower prevalence of diabetes mellitus [2] , or an improved cardiovascular risk profile [3] in this group has been reported.
Electrocardiogram abnormalities (ECG) in the elderly are extensively reported [4] [5] [6] . They are frequent and arrhythmias and repolarisation abnormalities predominate. These studies mostly include population aged between 65 and 90 years old. By contrast, studies that analyse changes in the electrocardiogram in centenarians are rare. These studies report similar abnormalities but more often than those found in younger elderly. However, their sample size is low and several methodological biases have been detected (retrospective, no systematic assessments, etc.) that limit the validity of their results [7] [8] [9] [10] [11] [12] [13] [14] .
The aim of this study is to analyse the ECG abnormalities in a prospective study of the centenarian population in our health setting [15] , their frequency, their relationship with sex and functional capacity and their value as a predictor of survival.
Methods
Prospective follow-up observational study of 99-year-old and older patients living in the Lugo area (Galicia, northwest Spain), covering a population of 221,907 inhabitants. In January 2001, the information of all 99-year-old and older patients in this area was obtained from the National Health System register. After contact with the patients and/or their main caregiver, they were informed about the aims of the study and their consent to participate was requested. We conducted a domiciliary visit by a doctor and a nurse, who completed the study protocol, which included demographic data, medical history and physical examination. Barthel Index (BI) of basic activities of daily living [16] , the cognition mini-exam (CME) (Spanish version of the Folstein Mini-mental State Exam) [17] and the Charlson Comorbidity Index (ChI) [18] were all determined. We performed a resting 12-lead ECG, and blood samples were obtained. Finally, when available, the hospital medical records were reviewed to confirm and complete the information obtained at home. Patients were monitored by telephone up until their death. The study was approved by the Galicia Clinical Research Ethics Committee.
The ECG was analysed independently by two researchers, according to the classification included in the Minnesota code [19] . Discrepancies were resolved by a second joint review of the ECG.
The following definitions were established: heart disease: clearly documented history of ischemic heart disease or heart failure; hypertension: systolic blood pressure > 140 mmHg or diastolic > 90 mmHg; functional dependence: BI score ≤60; cognitive impairment: CME score < 20; anaemia: haemoglobin < 13 g/L in men or < 12 g/L in women; renal failure: estimated glomerular filtration rate (MDDR-4) < 60 mL/min/1.73 m 2 ; hyperglycaemia: fasting glucose > 126 mg/dL; hypoalbuminaemia: albumin < 3.5 g/dL; dyslipidaemia: total cholesterol > 220 mg/dL.
Statistical analysis: a descriptive study of the variables included in the study was performed. Quantitative variables were expressed as mean and standard deviation (SD). Qualitative variables were expressed as absolute value and percentage. In the univariate analysis we performed the comparison of numerical parameters between test groups using the student t test or Mann Whitney test, as appropriate, after verification of normality using the Kolmogorov-Smirnov test. For the comparison of qualitative variables, the chi square test was performed, Fisher´s exact test was used when the cells contained expected values less than five. Kaplan-Meier analysis was used to study survival, comparing survival between groups by the log-rank test. To study the combined effect of several variables in the forecast, we used a Cox regression model, considering the maximum model to be those variables statistically significant in the univariate analysis. Statistical significance was set at P < .05. Statistical analysis was performed using SPSS 17.0 for Windows.
Results
Of a total population of 84 centenarians, 80 (95.2%) agreed to participate in the study, 26 men and 64 women, mean age of 100.8 (SD 1.3). Table 1 shows the clinical features of the series. Only nine patients did not have a prior diagnosis of cardiovascular disease, dementia or cancer and had a good functional status.
Only seven patients (8%) had a completely normal ECG. No cases of atrial flutter were registered. Atrial fibrillation (AF) was found in 21 patients (26.3%), AV conduction defect in nine (11.3%), ventricular conduction disturbance in 26 (32.5%), and changes suggestive of ischaemia (abnormal repolarisation patterns or Q/QS) in 31 patients (38.8%). No statistically significant differences were found for any of the parameters studied regarding sex ( Table 2) .
A history of heart disease was significantly associated with the presence of AF (P = .002, OR 5.2, 95% CI 1.8 to 15.2) and with changes suggestive of ischemia (P = .019, OR 3.2, 95% CI 1.2-8.7), both ST segment depression (P = .003) and a Q/QS pattern (P = .007).
Dependent patients for activities of daily living (BI ≤ 60) showed, compared to independent patients, a higher frequency of AF (32.4% vs. 20.9%), abnormal axis (40.5% vs. 27.9% ), AV conduction defects (16.2% vs. 7%) and repolarisation abnormalities (37.8% vs. 25.6%), but statistically significant differences were not found. ECG changes suggesting ischemic disease (ST depression or Q/QS pattern) or conduction defects were more common in patients with cognitive impairment, but differences were not statistically significant. Table 3 shows the differences between some ECG abnormalities according to the presence of cognitive impairment and functional dependence.
Mean survival was 628 days (SD 578.5), median 481 days, with no statistical differences between sexes. Table 4 shows survival in days according to the presence or absence of abnormalities in the basal ECG. In the univariate analysis, among the abnormalities in the basal ECG, those significantly associated with lower survival were AF (median survival: 191 vs. 603 days, P = .011) ( Figure 1 ) and ST depression (median survival: 191 vs. 603 days, P = .004).
A logistic regression model was applied for multivariate analysis. In obtaining the maximum model, the factors that proved significant in the univariate analysis were used as well as those variables thought to possibly influence final results: age, sex, history of cardiovascular disease, stroke o dementia, BMI < 20, anaemia, leukocytosis, hyperglycaemia, hypoalbuminaemia, increased ferritin, dyslipidaemia, atrial fibrillation, ST depression, comorbidity, functional dependence and cognitive impairment.
After adjustment for age, sex, diabetes, dyslipidaemia, albumin and functional dependence, the presence of AF was significantly associated with mortality risk (RR 2.0, P = .011). Other variables associated with a worse prognosis were hyperglycaemia (RR 2.2, P = .032), anaemia (RR 3.5, P < .001) and functional dependence (RR 0.6, P = .024) ( Table 5 ).
Discussion
In our study only 8% of centenarians have a completely normal ECG. However, the abnormalities most frequently found have little clinical relevance, they are not related to their functional capacity, and only AF is associated with increased mortality.
The ECG abnormalities that appear with age have been widely studied. The most common findings are left ventricular hypertrophy, repolarisation abnormalities and Q/QS patterns, even in asymptomatic patients [4, 6] . The frequency of these findings increases with age [4, 5] , and in some studies are associated with increased mortality [20, 21] . In general, men have more abnormalities related to ischemic heart disease [4, 6] , although this difference fades with age [5] . Among the rhythm disturbances, the most common are extra systolic beats, followed by AF [4] [5] [6] 22] and their prevalence also increases with age. Other minor abnormalities are commonly found, so that less than 40% of those over 65 have a completely normal ECG.
By contrast, ECG studies in centenarians are rare and their results have a wide variability [6] [7] [8] [9] [10] [11] [12] [13] [14] . For example, the frequency of AF varies from 0 to 30%, or the ST segment changes from 9% to 40%. This is probably because of the difficulty of obtaining a wide sample [23] , which introduces many biases: small numbers of patients [7, 8, 10, 13] , studies without established inclusion criteria, selected population collected [8, 13] or retrospective studies in a hospital setting [14] . In addition, some of them do not perform a systematic analysis according to established criteria, such as the Minnesota code [9, 11, 12] . In most studies the analysis is purely descriptive and differences by sex, cardiovascular disease or functional capacity are not considered. Similarly, they do not discuss whether these findings are associated with a higher mortality in centenarians, as in a younger population [24] . Our study was designed to avoid these biases. We included the 95.2% of centenarians in our area, a systematic approach to baseline health status was performed at the patient's home, and they were followed up to their death. The main limitation that arises is the relatively low number of patients finally included, 80. Nonetheless, we consider that the sample is large enough compared to previous studies on centenarians.
Only 8% of centenarians had a normal ECG; thus, the frequency of ECG alterations was very high. This finding has been previously reported in an older population [5] and also in centenarians [13, 14] . The fact that the frequency of ECG abnormalities increases with age, together with the absence of differences according to sex in our series, suggest that these abnormalities are related to aging itself more than to cardiovascular risk factors, which are more prevalent in men. Our data revealed that these changes were not related to greater disability or to cognitive impairment (Table 3) , probably because they are associated with a wide range of factors, of which heart disease is one of several.
Arrhythmias are common in these patients (55%) with extrasystole the most frequent. Interestingly, the frequency of AF in our series was high (26%), whereas such a prevalence has only been reported in a hospital-based retrospective study [14] . Nevertheless, these data are consistent with those obtained in the general population over 85 [5] . The lower prevalence of AF observed in previous studies on centenarians [8] [9] [10] [11] [12] [13] is probably related to the aforementioned sample bias.
The presence of left axis in 33.8% of cases, and left ventricular hypertrophy in 8.8% are both within the range reported in previous studies [7, 8, 13] . The frequency of AV or intraventricular conduction defects was also high, similar to that reported in the centenarian population, and clearly superior to that reported in non-centenarian elderly [4] . This is probably because of the aging process, also affecting the conduction tissue. Changes suggestive of ischaemia (disorder of repolarisation 31.3%, Q/QS pattern 16.3%), were also more frequent than those observed in a younger population, but not in the same proportion. This fact might suggest a bias of survival in the elderly who have no ischaemic heart disease. In our series, AF has proven to be an independent predictor of mortality, a fact already reported in younger patients [21] . This situation probably reflects a more serious underlying heart disease [22] . This suggests that centenarians with AF could benefit from strict clinical control and optimal pharmacological treatment. In the same way, preventive strategies such as anticoagulation, which have shown a proven benefit in the younger population, might be considered in functionally independent centenarians without cognitive impairment.
Conclusion
Although ECG abnormalities are common in centenarians, they are not related to sex, functional capacity or cognitive impairment. Most of them have little clinical or prognostic significance. These abnormalities seem to be the result of the natural aging process and the only one that had an impact on survival was AF. 
